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EXECUTIVE SUMMARY 
 
The “Bacterial Monitoring for the Buck Creek Watershed” project was developed in response 
to the creek’s listing on the Texas Water Quality Inventory and 303(d) List due to a bacterial 
impairment and subsequent total maximum daily load (TMDL) development. Due to limited 
data, local soil and water conservation districts (SWCD) led the effort to have this TMDL 
process suspended to allow for further data collection and analysis. The Texas State Soil and 
Water Conservation Board (TSSWCB) was contacted to seek their assistance in developing 
and funding a project that would substantially increase the amount of monitoring conducted 
on the creek. 
 
The Texas Water Resources Institute (TWRI) was contracted to develop the project and to 
coordinate the needed personnel to conduct this study. With the help and cooperation of the 
Texas AgriLife Research and Extension Center at Vernon, a work plan was developed to 
collect water samples and conduct water quality monitoring every other week at 13 different 
sites along the creek. The proposed work plan was then submitted to TSSWCB for funding 
through the U.S. Environmental Protection Agency’s (EPA) 319 (h) program which focuses 
on funding activities that address nonpoint source (NPS) pollution. The proposal was 
approved by EPA and project activities began in October 2003. 
 
Sampling began in May 2004 and continued through May 2007 yielding a total of 78 
sampling trips. During these trips, a 100 mL water sample was collected and returned to the 
laboratory for E. coli analysis. Additional water quality parameters including dissolved 
oxygen (DO), potential hydrogen (pH), salinity, specific conductance, temperature, and water 
depth were taken. Other information about the current conditions was recorded on field data 
sheets and included air temperature, when the most recent rain event was, flow and weather 
conditions. Water samples and their corresponding water quality data were not collected 
during all sampling trips due to impassable roads, no water present at the site, standing water 
or flow too low to collect a sample or adverse weather conditions. 
 
Data review showed that Buck Creek exhibited elevated bacteria levels at several locations 
and in some cases, enough to exceed the state’s bacteria standards. State water quality 
standards dictate that the geometric mean of at least 10 samples collected within a 5-yr time 
frame must be < 126 colony forming units (cfu) / 100 mL of water and no more than 25 
percent of the individual samples collected can exceed 394 cfu / 100 mL. Several individual 
sites did not meet these criteria and several others were close to exceeding those limits. 
 
Results from this study indicate that elevated E. coli levels periodically exist in Buck Creek. 
Implementing proper management measures in the watershed will aid in decreasing the 
impacts of E. coli on the creek. Additional information about the sources of bacteria in Buck 
Creek is needed before sound management measures can be recommended, developed and 
implemented into a feasible plan of action. A project to collect the needed information and to 
develop a watershed protection plan (WPP) for Buck Creek has been funded and initiated. 
Stakeholder support and involvement have grown over the course of the bacterial monitoring 
project and the continued support and participation of those involved will be vital to 
successfully improving the creek’s water quality. 
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INTRODUCTION 
 
 
 
The Red River Basin includes 30 classified segments and 11 major reservoirs which cover 
approximately 145,169 acres. Buck Creek (Segment 0207A) is a small tributary in the Red 
River basin. Buck Creek joins the Lower Prairie Dog Town Fork of the Red River (Segment 
0207) to form the Red River above Pease River (Segment 0206). The creek originates close 
to Hedley, Texas in Donley County and flows 68 miles in an east-southeast direction across 
the Oklahoma border to its confluence with the Red River. According to TCEQ’s 2004 Texas 
Water Quality Inventory and 303(d) List, Buck Creek is classified as a perennial stream; 
however, observations made during this study indicate that the creek is actually an 
intermittent stream that typically ceases to flow in places during the summer months. Several 
pools and portions of the stream maintain water year round and can support the stream’s 
designated uses. 
 
Designated uses of Buck Creek include aquatic life, contact recreation, and fish consumption. 
For assessment purposes, TCEQ splits Buck Creek into two assessment units (AU), 
0207A_01 and 0207A_02. AU 0207A_01 extends from the Oklahoma state line to Buck 
Creek’s confluence with House Log Creek (25 miles) while AU 0207A_02 stretches from the 
House Log Creek confluence to the upper end of the segment (43 miles). In 2000, AU 
0207A_01 was determined to be non-supporting of contact recreation use due to bacteria 
levels exceeding Texas Surface Water Quality Standards (TSWQS). This assessment was 
based on data collected above the US 83 bridge crossing. The aquatic life use was found to 
be fully supported and fish consumption was not assessed. Due to this failure to meet water 
quality standards for the stream’s designated use, it was added to the 2000 303(d) List. In 
2002, Buck Creek was re-assessed and remained on the 303(d) List due to the bacterial 
impairment. The segment was classified as a category “5a” stream meaning that a TMDL 
was underway, scheduled, or will be scheduled; but was given a low priority for initiating the 
TMDL process. Stakeholders (SWCDs) across the watershed disliked the suggested TMDL 
approach to reducing the bacterial impairment and sought to have the stream re-classified. As 
a result, the creek remained on the impaired list after the 2004 evaluation but was re-
categorized as 5c meaning that more data and information will be collected before a TMDL 
is scheduled. This project was developed as a result of these concerns and was has focused 
on collecting additional data that regarding the quality of water in Buck Creek.  
 
Bacteria levels in Texas fresh waterbodies are currently evaluated using the number of E. coli 
colony forming units (cfu) per 100 mL of water. E. coli is used as a bacterial indicator for the 
possible presence of pathogenic microorganisms in the water due to fecal contamination. In 
order to meet TSWQS for contact recreation, single samples should not exceed 394 cfu/100 
mL more than 25 percent of the time and the geometric mean of all samples should not 
exceed 126 cfu/100 mL. Fecal coliform may be used as a bacterial indicator when sufficient 
E. coli data are not available. To meet the contact recreation criteria using fecal coliform, 
single samples should not exceed 400 cfu/100 mL more than 25 percent of the time and the 
geometric mean of all samples should not exceed 200 cfu/100 mL. 
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Through the Texas Clean Rivers Program, the Red River Authority of Texas routinely 
collects quarterly samples at the US 83 crossing of Buck Creek, approximately 19 miles 
north of Childress in Childress County. In 2006 TCEQ evaluated the samples collected over 
the previous 5 years and found that Buck Creek continued to not support contact recreation 
based on excedances in the geometric means of E. coli and fecal coliform and the percentage 
of E. coli samples exceeding the established single sample limit. The geometric mean of 18 
E. coli samples was found to be 309 cfu/100 mL and 7 of the 18 E. coli samples collected 
exceeded the single sample limit of 394 cfu/100 mL while the geometric mean of 15 fecal 
coliform samples was 346 cfu/100mL.  
 
During periods of rainfall, bacteria originating from birds and mammals (livestock, wildlife, 
etc.), inadequately treated sewage, and/or failing septic systems may be washed into the 
stream and have the potential to impair recreational use of the waterbody. Indicator bacteria, 
such as E. coli, are normally found in the fecal matter of warm-blooded animals and are 
generally not harmful to human health, but may indicate the presence of pathogens that can 
cause disease. This study was designed to develop a better understanding of where and when 
bacteria levels exceed TSWQS in Buck Creek and to determine areas where management of 
contributing sources of bacteria may be needed. 
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Bacterial Monitoring for the Buck Creek Watershed 
 
 
Waterbody Identification and Description 
Buck Creek is an unclassified freshwater stream that originates in Donley County near 
Hedley, Texas (Figure 1). The creek runs east-southeast through Collingsworth and Childress 
Counties before entering the southwestern corner of Harmon County, Oklahoma where it 
empties into the Red River, approximately 0.4 kilometer (¼ mile) west of Oklahoma Ranch 
Road 1660 and Texas State Highway (SH) 680 in Hardeman County. 
 
The Buck Creek watershed in Texas encompasses roughly 74,850 hectares (289 square 
miles). In Texas, approximately 56 percent of the watershed is located in Collingsworth 
County, 33 percent in Childress County, and about 11 percent in Donley County. Elevation 
in the watershed ranges from approximately 750 meters above mean sea level in the upper 
portions of the watershed in Donley County to 503 meters above mean sea level at its 
confluence with the Red River in Oklahoma. 
 
 
 
 
Figure. 1: Buck Creek watershed in Texas 
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The Buck Creek watershed is a subwatershed of the Red River. Buck Creek is an unclassified 
segment numbered 0207A. Numerous tributaries flow into Buck Creek including Squaw 
Creek, Dry Hollow Creek, Doe Creek, Long Creek, Settlers Creek, and House Log Creek, as 
well as many that are unnamed. 
 
Buck Creek is considered to be a perennial stream in TCEQ’s 2004 assessment of the 
waterbody; however, observations made during this study indicate that the creek is an 
intermittent stream with portions of the creek not flowing during the summer months. Sparse 
rainfall and shallow aquifer drawdown from vegetation and irrigation often reduce stream 
flow; however, several large pools and stretches of the stream retain water throughout the 
year, except during extreme drought. Base flow in the stream is typically sustained by small 
springs while surface runoff is mainly associated with rainfall events. A 1960 account of the 
relief and drainage in Childress County states that “except in extremely dry years, the Red 
River and Buck Creek have water most of the year. During the driest periods; however, they 
cease flowing in places. The normal streams are generally only a few feet wide and a few 
inches deep. As a result of contamination from salt springs, most water is very salty” (USDA 
1963). 
 
Ecological and Geological Description of the Watershed 
Climate 
The Buck Creek watershed falls within the Continental Steppe sub-climate in Donley and 
west Collingsworth Counties, while the eastern portion of Collingsworth County and all of 
Childress County have a subtropical, sub-humid climate. Both sub-climates are characterized 
by hot, low humidity summers that moderate high daytime temperatures and allow for cool 
evenings. Winter months are subject to rapid temperature drops from cold fronts moving in 
from the Rocky Mountains and High Plains to the north and west.  These fronts have been 
known to produce temperature changes of 50 to 60 degrees (°F) within several hours and up 
to 40-degree differentials in a matter of minutes. The mean annual temperature in the 
watershed is about 62°F, with average lows and highs of (29°F and 93°F respectively) 
(http://www.srh.noaa.gov/lub/). The prevailing wind is south-southwest in summer and is 
frequented by northwesterly winds moving in from the Rocky Mountains and the High Plains 
in the late fall to early spring months. The majority of rainfall occurs between April and 
September, mostly in the form of locally intense thunderstorms. Winter months are typically 
dry but have been known to produce snowfalls of up to 25 centimeters (10 inches). Total 
annual precipitation averaged 53 centimeters (21 inches) over the past 65 years. Annual pan 
evaporation for the watershed averaged about 166 centimeters (65.5 inches) over the past 50 
years (http://hyper20.twdb.state.tx.us/Evaporation/evap.html). 
 
Ecoregions 
The Buck Creek watershed is located in Level III Ecoregions 26 and 27, the Southwestern 
Tablelands and Central Great Plains. Level IV Ecoregions have been developed to provide 
more detail about the respective area than the Level III descriptions. In the Buck Creek 
watershed, Level IV Ecoregions 26b, 26c and 27h are defined. Ecoregion 26b is described as 
the “Flat Tablelands and Valleys” and consists of level land between prominent buttes, 
badlands and escarpments of the tablelands. Soils in Ecoregion 26b are typically fine sandy 
loams or silt loams that have been tilled to produce cotton, sorghum and wheat. Fragments of 
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remaining native prairie exist within these areas and usually consist of mixed mid-grasses if 
they have not been subjected to heavy grazing pressure. Areas of native prairie that have seen 
intensive grazing are generally dominated by shorter grasses, cacti and shrubs. Ecoregion 26c 
is named the “Caprock Canyons, Badlands and Breaks” and encompasses the broken edges 
of the eastern edges of the High Plains. Numerous geological layers are exposed in this 
region and can be easily distinguished by the stark differences in red and white colors. Brush 
is the dominant vegetation throughout the region. Ecoregion 27h, the “Red Prairie” consists 
of gently rolling prairies that support grasslands and cultivated agriculture. This region 
typically receives more precipitation than the High Plains and support midgrass or shortgrass 
prairies depending on precipitation, soils and grazing pressure; typical grasses include little 
bluestem, Texas wintergrass, white tridens, Texas cupgrass, sideoats grama and 
curlymesquite (http://www.epa.gov/wed/pages/ecoregions/tx_eco.htm). 
 
Wildlife and Wildlife Habitat 
The Buck Creek watershed has a variety of habitats 
that support numerous wildlife species. The watershed 
contains suitable habitat for open land, rangeland, and 
riparian wildlife. These areas consist of cropland, 
pastures, meadows, brush and riparian corridors that 
provide cover and forage for quail, doves, badger, 
rabbits, pronghorn antelope, mule and whitetail deer, 
lesser prairie chicken, wild turkey, coyotes, red fox, 
coyotes, bobcats, prairie dogs, skunks, opossums, 
raccoons, songbirds, ducks, geese, crows, hawks and 
owls (USDA, 1963, 1973, 1980). Wild or feral hogs 
have established a significant population in the 
watershed although the exact number of hogs is not 
known. The damage caused to range and cropland has 
made their presence well known throughout the 
watershed and the state. They generally inhabit 
whitetail deer ranges and have very few natural 
predators. Feral hogs prefer bottomlands when 
available but also do well in drought prone areas 
(Taylor, 2003). 
 
Soils 
The predominate soil types in the watershed are loams, silt loams, and sandy soils. In total, 
the watershed includes 104 individual soil types. Six of these major soil types make up 
approximately 64 percent of the soils present in the watershed. Miles soils dominate the 
largest portion of the watershed with almost 27 percent. Within this grouping are 15 
individual soils that are fine sandy loams, loams and loamy fine sands. These soils typically 
have slopes less than 8 percent, are deep and are located in upland areas suitable for 
cultivation or grazing. Woodward and Quinlan soils are often grouped together as a soil unit, 
and collectively they account for 14.5 percent of the soils present in the Buck Creek 
watershed. They are typically dominated by loamy soils over weakly cemented sandstone 
that range from shallow to moderately deep. These soils occupy large areas of dissected 
Site 10B, SH 256 May 2006 
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gently sloping to steep uplands and are associated with 
rangeland and are typically very susceptible to erosion. 
 
The La Casa-Harmon association is the third most 
common soil group in the area and covers about 11.5 
percent of the watershed. These soils are characterized by 
broad, gently sloping areas of La Casa soils and frequent 
outcrops of Harmon soils. La Casa soils are deep, silty 
soils that occupy gently sloping areas while Harmon soils 
are very shallow and occur as limestone outcrops and 
ridges. The majority of these soils are associated with rangeland, but the La Casa soils are 
suitable for crop production (USDA, 1963). Springer soils are also common throughout the 
watershed and occupy almost 7 percent of the watershed. They are deep soils that are 
typically under cultivation, but can be hampered by severe erosion if not properly managed. 
The Mobeetie-Veal-Potter association covers about 4.5 percent of the watershed and has 
slopes ranging from 1 to 45 percent. Soils are generally loamy and range from deep to very 
shallow and are typically found in upland areas. These soils are usually associated with 
rangeland due to their low potential for cultivated crop growth caused by the steep slopes, 
shallow soils and high erosion potential (USDA, 1980). 
 
 
Creek bank showing soil profile and 
erosion near site 10B. June 2006 
Figure 2: Soils map of the Buck Creek watershed 
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  Major aquifers in Texas (Source: Texas Water Development Board) 
Groundwater 
Two aquifers, the Seymour and Blaine, underlie the Buck Creek watershed and supply the 
bulk of available groundwater. The Seymour is a major aquifer located primarily in north 
central Texas and a few Panhandle counties. The aquifer is fresh to slightly saline and 
typically less than 31 meters (100 ft) thick, although a few isolated locations in 
Collingsworth County 
may exceed 100 meters 
(300 ft). This aquifer is 
primarily under water-
table conditions but 
artesian conditions may 
occur where the water-
bearing zone is overlain 
by clay. Approximately 
3.7 billion m3 (3 million 
ac-ft) of water are 
available based on 75 
percent of the total 
storage with annual 
effective recharge to the 
aquifer is approximately 
265,200 m3 (215,000 ac-
ft) or 5 percent of the 
average annual 
precipitation that falls on 
the aquifer outcrop. No 
significant long-term 
water-level declines have 
occurred in irrigated 
areas supplied by 
groundwater from the 
Seymour Aquifer. The 
lower, more permeable 
part of the aquifer produces the greatest amount of water with well capacities in the area 
averaging about 1,130 liters per minute or 300 gallons per minute (gpm). Yields typically 
range from less than 380 liters per minute 
(100 gpm) to as much as 4,900 liters per 
minute (1,300 gpm). Salinity has 
increased in many heavily pumped areas 
and the aquifer’s water is now unsuitable 
for domestic uses in some cases. Brine 
pollution from oil-field activities has 
resulted in localized contamination of 
formerly fresh ground and surface water 
supplies and has further increased salinity 
problems in the area. Nitrate Peanut Field between sites 7 and 8.  September 2006
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     Minor aquifers of Texas (Source: Texas Water Development Board)
concentrations in the aquifer are the primary concern for many people. Nitrates in excess of 
primary drinking-water standard of 10 mg/L are widespread in Seymour groundwater 
(TWDB, 1995). 
 
The Blaine is a minor aquifer located in portions of Wheeler, Collingsworth, and Childress 
Counties and extends into western Oklahoma. The aquifer varies from approximately 3 to 
100 m (10 to 300 ft) thick and is typically poor in quality. Concentration of dissolved solids 
increases with depth and in natural discharge areas at the surface, but contains water with 
total dissolved solids (TDS) of less than 10,000 mg/L. The primary uses are for watering 
livestock and irrigation of highly salt-tolerant crops with yields varying from a few liters per 
minute to more than 5,680 liters per minute (1,500 gpm) (TWDB, 1995). Salt-tolerant crops 
include Bermudagrass, wheat, cotton and some types of peanuts (Martin, 1976). The Blaine 
Aquifer is also known to 
have nitrate levels that 
commonly exceed the 
drinking water standard 
of 10 mg/L. 
 
Numerous shallow 
groundwater tables also 
exist within the Buck 
Creek watershed. Field 
observations indicate that 
these water tables are 
highly connected with the 
creek and are influenced 
by irrigation wells located 
near the creek. Several 
springs have been 
observed discharging 
water into the creek 
channel during wet 
periods, but typically 
cease in dry periods. 
Water flowing in the 
creek has also been 
observed disappearing 
underground as it moves 
down the stream channel. 
In the spring, when 
irrigation begins, 
groundwater flow into the creek largely ceases and the stream starts to loose water to the 
depleted water tables. Once irrigation stops, spring flow slowly returns to the stream. 
 
Management of groundwater resources in Texas is typically performed by Groundwater 
Conservation Districts (GCDs). The watershed includes parts of two GCDs, the Panhandle 
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and Mesquite GCDs. These and all other GCDs in the state have been set up to “manage 
groundwater resources by providing for the conservation, preservation, protection, 
recharging, and prevention of waste of the groundwater resources within their jurisdictions.” 
The establishment of GCDs can be done by: 1), the Legislature, 2) landowner petition and 
TCEQ review of the proposed district, 3) TCEQ in designated Priority Groundwater 
Management Areas where landowners do not take action, and 4) by adding additional 
territory to an existing GCD. In general,  
 
Public Access 
Private property upstream and downstream of all road crossings limits public access to Buck 
Creek to very small areas underneath bridges or in low-water-crossing areas. There are no 
paid public access areas to the creek that allow swimming, wading, or fishing in the creek.  
Leased land adjacent to the creek is the only paid access to the creek, and limited to 
recreational hunters and their families. 
 
Table 1. Public road crossings on Buck Creek 
Site County Road Name Access Potential Use Water Presence 
BC-01 Donley CR 28 Limited none  No water present during study 
BC-02 Donley CR Z and CR 29 Limited wading seasonal and during runoff event 
BC-03 Collingsworth CR 40 Limited wading, fishing constantly 
BC-04 Collingsworth SH 1547 Limited wading, fishing seasonal and during runoff event 
BC-05 Collingsworth SH 1056 Limited wading, fishing seasonal and during runoff event 
BC-06 Collingsworth CR 110 Limited wading, fishing seasonal and during runoff event 
BC-07 Collingsworth SH 338 Limited wading, fishing seasonal and during runoff event 
BC-08 Collingsworth CR SA Limited wading, fishing seasonal and during runoff event 
BC-09 Collingsworth CR SA Limited none No water present during study 
BC-11 Childress US 83 Limited wading, fishing seasonal and during runoff event 
BC-12 Childress US 62 Limited wading, fishing seasonal and during runoff event 
BC-13 Childress CR 19 Limited wading, fishing seasonal and during runoff event 
 
 
Size and Economic Structure of Population Using the 
Waterbody 
Buck Creek is used by rural residents and absentee landowners in Donley, Collingsworth and 
Childress counties for watering livestock purposes. According to the 2000 U.S. Census, these 
three counties have a combined population of approximately 14,722 citizens. Approximately 
52.3 percent of the residents are considered to be in the labor force. The median family 
income is about $35,400 and an estimated 17.4 percent of the population lives beneath the 
poverty level. Between 1990 and 2000, Collingsworth County experienced a population 
decline of 10.3 percent while Donley and Childress County populations increased by 3.6 
percent and 29.1 percent, respectively. The large influx of people moving to Childress 
County can be attributed to people moving to the city of Childress which is outside of the 
watershed. Through the regional water planning process, the Panhandle Regional Water 
Planning Group (Region A) in 2006 predicted that the combined population in these counties 
will decline to about 14,138 residents by 2050. 
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Historical Uses of Waterbody and Trends in Use 
The designated uses of Buck Creek include aquatic life use, contact recreation use and fish 
consumption use. Landowners with property contiguous with Buck Creek are allowed to use 
water for domestic and livestock needs; this is known as an exempt use that does not require 
a permit from TCEQ. Domestic and livestock uses encompass watering range livestock, 
meeting household needs, or irrigating a lawn or household garden. Construction of stock 
tanks for private use is also allowed, provided that they do not store more than 246,700 m3 
(200 ac-ft) of water. The amount of land in the USDA Conservation Reserve Program (CRP) 
has increased significantly in recent years. This has given rise to some non-owner (leases) 
permitted hunting along the creek and throughout the watershed. Using water for wildlife 
watering needs is also exempt from obtaining a permit from TCEQ. Water for wildlife use 
can be impounded in a structure that stores less than 246,700 m3 (200 ac-ft) of water and 
must be in “qualified open-space land” as defined in the Texas Tax Code. Depending on the 
site that the reservoir is constructed on, a permit may be required from the U.S. Army Corps 
of Engineers.  
 
One permitted surface water right does exist on Buck Creek in Childress County. It grants the 
annual use of 47,500 m3 (38.5 ac-ft) and was established with a priority date of April 5, 1954. 
The water right was originally used to irrigate 16 hectares (40 acres) of farmland. The water 
right was re-issued September 25, 1987 but has since been inactive; however, the right still 
exists and its owner is entitled to remove this permitted allotment of water from the creek  
(http://www.tceq.state.tx.us/permitting/water_supply/water_rights/wr_databases.html). 
 
 
User Population Impacted by Waterbody Degradation 
Water degradation in Buck Creek has the greatest impact on the rural residents of 
Collingsworth and Childress counties. Portions of the creek in these counties generally have 
areas of water that can support wading, swimming, fishing or serve as a source of water for 
Beaver Pond above site 3, June 2006 Pond below site 3, June 2006 
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livestock year round. Water quality degradation due to bacterial contamination could increase 
the risk of developing an ailment for recreational users who ingest water from the creek. 
Buck Creek in Donley County rarely has water flowing in the creek channel and would most 
likely have little impact on users in this area. The Buck Creek watershed is sparsely 
populated with few people residing near the creek. Recreational hunters lease land adjacent 
to the creek and may periodically come into contact with the creek. 
 
 
Inventory of Point Source Pollutant Discharges 
There are no permitted point source discharges in the Buck Creek watershed. Hedley and 
Wellington, the only incorporated cities in the watershed, are permitted to apply wastewater 
to irrigated agricultural land and are therefore considered to be nonpoint sources.  
 
 
Potential Nonpoint Sources In or Near the Watershed 
City of Wellington 
The City of Wellington is the only permitted municipality allowed to dispose treated effluent 
into the Buck Creek watershed. The water quality permit (WQ0010328001) authorizes the 
City to dispose of no more than 300,000 gallons of treated effluent per day via surface 
irrigation on specified 120 acres of non-public access agricultural lands. The treatment 
facility and the waste application fields are located in the sub-watershed of House Log Creek, 
a tributary of Buck Creek about 1.6 km (1.0 mi) southwest of the intersection of SH 338 and 
FM 1035 (Haskell St.) in Collingsworth County. Although this permit does not allow 
discharge into waters of the State, the application fields are located within the watershed of 
Buck Creek and may be considered a nonpoint source of pollution. This land area repeatedly 
receives the treated effluent and may have nutrients and/or bacteria build-up that could enter 
Buck Creek during runoff events or system malfunctions 
(http://www4.tceq.state.tx.us/cid/ccd/index.cfm?fuseaction=main.PublicNoticeDescResults&
CHK_ITEM_ID=491394022006171). 
 
City of Hedley 
The City of Hedley has the same type of permit for disposal of its treated wastewater. Their 
water quality permit (WQ0010709001) authorizes the disposal of treated domestic 
wastewater at a daily average flow not to exceed 50,000 gallons per day via surface irrigation 
of 20 acres of non-public access grassland; the permit further states that it does not authorize 
the discharge of pollutants into waters in the state of Texas. The City’s treatment facility and 
disposal site are located 1.9 km (1.2 mi) north and 1.3 km (0.8 mi) east of the US Hwy 287 
and SH 203 intersection.  This site is located in the drainage basin of the Salt Fork of the Red 
River (Segment 0222) and does not drain into the Buck Creek watershed.  
 
Wellington Livestock Commission Company 
A cattle auction facility is located west of Wellington near the city’s wastewater treatment 
facility and could be a potential nonpoint source of pollution from runoff during high rainfall 
events. Weekly sales average about 900 head as reported in the Mesquite Country Bargains, 
a free classified ads newspaper. 
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Concentrated Animal Feeding Operations 
Concentrated animal feeding operations (CAFOs) and their byproducts (animal waste) are 
another potential non-point source of pollution in the watershed. Only one CAFO is located 
in the watershed southeast of Hedley and another is located northwest of Hedley but is 
outside of the watershed. The Hedley Feed Lot is located southeast of town and directly north 
of the rest area on US Hwy 287. The Crow Hollow Feedlot is located west of Hedley on the 
south side of US Hwy 287 and is not in the watershed. TCEQ regulates all CAFOs in Texas 
and categorizes CAFOs as livestock feeding operations that: (1) feed stabled or confined 
animals for a total of 45 days or more in any 12-month period and the confinement area does 
not sustain crops, vegetation, forage growth or post-harvest residues in the normal growing 
season; and (2) meet certain animal number thresholds, such as maintaining more than 1,000 
head of beef cattle or more than 700 head of dairy cattle. 
 
In Texas, CAFOs are authorized to operate under a General Permit that includes extensive 
details on the design, construction, operation and maintenance of the facility.  In general, 
CAFOs are not allowed to discharge manure or wastewater into waters of the State unless 
catastrophic or chronic rainfall occurs at the facility. To meet this requirement, these 
facilities are equipped with a retention control structure which is designed to capture the 
waste stream from the CAFO. Once the waste makes it to the structure, it is treated using 
microbes before it is disposed of, typically as irrigation water. These Retention Control 
Structures must be certified by a licensed professional engineer to document that the 
structures meet specific permeability and capacity requirements. The required design 
capacity is the volume of runoff resulting from a 25-year, 24-hour rainfall event. 
 
Manure and wastewater generated at the CAFO must be used in an appropriate and beneficial 
manner as detailed in the General Permit. In general, CAFOs in the Buck Creek watershed 
utilize wastewater for irrigation of crops adjacent to and in close proximity to the CAFO 
facility. Manure is typically sold to farmers in the area either as a direct collection from the 
pens or as compost (TCFA, personal communication). Manure has primary and secondary 
crop nutrients, enhances soil water holding capacity, reduces erosion on sandy soils and 
increases soil organic matter. No record of acreage within the Buck Creek watershed 
receiving manure from either of these facilities is available.  
 
Grazing Livestock 
Free ranging livestock in the watershed serve as a source of nonpoint source pollution as 
well. These animals are not confined to any one small area, but instead are allowed to range 
over large tracts of land where they deposit their waste. Available water supplies are one of 
many factors that influence how livestock (and all animals) will utilize their respective 
habitats and where their waste is deposited. Buck Creek does serve as a source of water for 
many livestock (and other animals) in the watershed and will cause the animals to spend 
most if not all of their time within a close proximity to the creek. Animals that do use the 
creek as drinking water likely deposit some of their fecal material directly into the creek, but 
the majority of their waste is excreted throughout the watershed. Fecal matter deposited 
throughout the watershed is likely transported to the creek during runoff events and 
contributes to the total bacteria load in the creek.  
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Feral Hogs 
Feral hogs are not considered a wildlife species by the Texas Parks and Wildlife Department 
and are therefore not included in the wildlife section. This non-native species is rapidly 
expanding in Texas and typically inhabits similar areas as white-tailed deer. Feral hogs are 
especially fond of areas where food and dense cover are readily available and are commonly 
known to wallow in available water. Obviously, riparian areas are prime habitat for feral 
hogs and many other species (Taylor 2003). Reclusive by nature, feral hogs are somewhat of 
a nocturnal species and typically remain in thick cover during the day and venture away from 
this cover at night.  
  
Wildlife 
Another source of bacterial contamination in the watershed may originate from wildlife. 
Many factors influence wildlife behaviors and the areas of the watershed that they utilize. 
Water, food and cover are critical factors that dictate where wildlife can be found in the 
watershed. These three critical factors are most commonly found in riparian areas and as a 
result, they serve as a critical habitat for wildlife. In many cases, riparian areas are the only 
reliable source of water for wildlife over a great distance and as a result, wildlife congregates 
in the riparian corridor thus increasing the likelihood for fecal deposition near the creek.  
 
Wildlife also utilizes upland areas of the watershed as well and randomly deposits fecal 
material throughout their habitat. Runoff then carries this material to the creek further 
increasing the bacterial loading to the creek.  
 
Failing Septic Systems 
Numerous houses are located close to the creek and have their own septic systems. 
Improperly functioning septic systems can be a source of bacteria and nutrients entering 
Buck Creek. Failures can occur via drain field failures, broken pipes, or overloading of the 
drain field resulting in surfacing effluent. Information collected during the 1990 census 
indicates that a total of 7,302 housing units were present in Childress, Collingsworth and 
Donley Counties and that 31 percent of those units were equipped with an on-site septic 
facility (OSSF) (http://factfinder.census.gov/). The Buck Creek watershed is predominantly 
rural and only includes a portion of Wellington within the watershed boundaries; therefore, 
OSSFs are the dominant type of septic disposal system used in the watershed.  
 
Other Sources 
A rest area located on US Hwy 287 south of Hedley has a retention pond for runoff and is a 
potential source of pollution during high rainfall events. The location the retention pond is 
less than 0.8 km (0.5 mi) above sampling location #1 on Buck Creek.  Another possible 
source of bacteria coming from the rest area is pet waste. 
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Watershed Land Use and Agriculture Production 
Land resources in the watershed are primarily used for crop and cattle production although an 
increasing amount of land is being dedicated as wildlife habitat. A land cover map generated 
by TCEQ in 2002 shows that row crops and small grains account for about 43 percent of the 
watershed while the remaining 57 percent is considered grassland, shrubland, or pasture 
(Figure 3). An updated land use and land cover map is currently being developed and will be 
available for inclusion into the Buck Creek Watershed Protection Plan.  
 
 
Texas Agricultural Experiment Station- Vernon 
Figure 3. Potential bacteria contributors in the Buck Creek watershed 
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A recent trend has been to commit large tracts of land that have been historically farmed or 
grazed into the Conservation Reserve Program. The FSA keeps data on reported acres in the 
Conservation Reserve Program; however, these data are not specific to the watershed. 
Essentially, these lands are allowed to return to a more natural state and may be used for 
recreational hunting. Hunting has become a major revenue source for rural communities and 
landowners in the watershed through the purchase or leasing of hunting land and 
expenditures on food, lodging, and retail items. 
 
Major agricultural commodities in the watershed include cattle, cotton, peanuts and wheat. 
Cattle operations in the watershed include one CAFO and numerous cow/calf operations. The 
USDA NASS details agricultural production for the three counties that encompass the 
watershed. Crop acreage and cattle numbers (including cattle in feedlots) in 2005 for 
Childress, Collingsworth, and Donley counties are listed in Table 2. Total acres planted for 
each county are shown in Table 2, and Figure 3 shows the distribution of cropland within the 
watershed. A significant portion of cropland in the watershed is pivot or furrow irrigated 
34% 
39% 
15% 
9% 
3% 
Figure 4. Buck Creek watershed land use and land cover map developed by TCEQ in 
2002.   
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utilizing groundwater. Irrigated production of cotton, peanuts and wheat increased 56 percent 
from 1995 to 2005 in Childress, Collingsworth and Donley Counties (USDA, NASS).  
 
Table 2. USDA NASS statistics for Buck Creek watershed counties, 2005.† 
 County 
 Childress* Collingsworth* Donley* 
Cattle --------------------------------No. head----------------------------------- 
     Beef cattle 10,000 14,000 15,000 
     Cattle & calves 20,000 33,000 64,000 
  
Crop ---------------------------------No. acres---------------------------------- 
    Cotton 47,600 52,600 12,400 
    Peanuts   1,700 26,100 6,300 
    Wheat 39,200 40,800 15,100 
    
* The reported number of cattle and acres of crop production included the entire county listed; actual numbers 
for the Buck Creek watershed will be a portion of each county’s total 
† Source: www.nass.usda.gov/Data_and_Statistics/Quick_Stats/ 
 
 
Hydrological Characteristics of the Waterbody 
In their 2004 determination, TCEQ classified Buck Creek as a perennial stream. Throughout 
the course of this study, it was found that Buck Creek is actually an intermittent stream, 
meaning that it dries up for parts of the year. No USGS or other stream gaging station is 
located on Buck Creek to verify this; however, data sets presented in Appendix A commonly 
record ‘dry’ conditions at 10 of the sampling sites.  
 
Base Flow Characteristics 
The Seymour and Blaine Aquifers underlie the Buck Creek watershed and contribute base 
flow to the creek from numerous springs along the length of the stream. In times of normal 
rainfall, these aquifers remain at a level that supports return flow into the creek but during 
periods of drought, spring flow ceases in many locations. Irrigation in the spring and summer 
months also influence groundwater flow into the creek. Field observations have noted that 
the stream flow gradually diminishes and in many places dries up following the onset of 
irrigation and the development of vegetative growth in the riparian corridor. Once irrigation 
is terminated in the fall and vegetation along the creek becomes dormant, stream flow 
typically returns within 1 or 2 months. 
 
Runoff Characteristics 
Intense spring and summer thunderstorms that typically occur from April to September 
provide the majority of runoff for Buck Creek. Runoff from these events produces a rapid 
rise and subsequent fall in stream levels and rarely results in long-term flooding. Winter 
storms are generally lower intensity, longer duration storms that do not produce significant 
runoff and do not cause major fluctuations in stream flow. 
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Texas Surface Water Quality Standards for Buck Creek 
TCEQ has determined that Buck Creek must meet surface water quality standards suitable 
for aquatic life uses, contact recreation, and fish consumption. Standards have not been set 
specifically for Buck Creek (Segment 0207A) because it is considered an unclassified 
segment. Specific standards have been set for the Lower Prairie Dog Town Fork of the Red 
River and many may be applicable to Buck Creek. 
 
Thermal Structure 
Buck Creek does not have its own temperature standard like most classified segments. The 
closest stream with a designated temperature criteria is the Lower Prairie Dog Town Fork of 
the Red River, segment 0207 and has a temperature maximum of 93°F or 33.9°C [TSWQS 
§307.10(A)]. This measurement is to be taken at approximately 30 cm (1 ft) below the 
surface of the water body [TSWQS §307.9(c)]. In addition, water temperatures are supposed 
to be maintained so as to not interfere with reasonable uses of the waters [TAC §307)]. 
  
Dissolved Oxygen (DO) 
Buck Creek is considered by TCEQ to be an unclassified, perennial stream (TCEQ 2002). In 
accordance with the TCEQ’s 2004 Guidance for Assessing Texas Surface and Finished 
Drinking Water Quality Data, all perennial unclassified streams are presumed to have high 
aquatic life use and are required to maintain corresponding DO levels. The main factor in 
determining aquatic life use is the DO level and the waterbody’s ability to support existing, 
designated and attainable aquatic life uses. In order to support high aquatic life use, DO 
should maintain a 24-hour average of 5.0 mg/L with a minimum of 3.0 mg/L. When 
evaluating DO levels in a water body, TCEQ considers an index period and a critical period. 
The index period represents the warm-weather season of the year and spans from March 15th 
to October 15th. The critical period of the year is July 1st to September 30th and is the portion 
of the year when minimum stream flow, maximum temperatures and minimum DO levels 
occur across Texas. At least half of the samples used to assess a stream’s DO levels should 
be collected during the critical period with the remainder of the samples used coming from 
the index period. DO measurements collected during the cold months of the year are not 
considered because flow and DO levels are typically highest during the winter months. 
Moreover, average and minimum DO levels should be at least 5.5 and 4.5 mg/L, 
respectively, to support fish reproduction during the spring months [TAC §307]. 
 
pH and Specific Conductance (TDS) 
pH and specific conductance standards have not been set for Buck Creek. These standards 
have been set for the Lower Prairie Dog Town Fork of the Red River, segment 0207, which 
lies directly to the south of Buck Creek. For segment 0207, pH criteria fall within the 6.5 to 
9.0 range [TAC §307]. If one sample falls outside the acceptable range, the stream then 
becomes non-supporting of the set criteria. Specific conductance (TDS) is based on an 
average of measurements taken over at least a 1 year period. Segment 0207 is mandated to 
maintain its yearly TDS average below 46,200 mg/L. 
 
Bacteria  
Bacteria standards set for contact recreation are applied to all freshwater bodies in the state 
unless otherwise designated in the TSWQS. As a result, a geometric mean of 126 cfu/100 mL 
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must be maintained and a single sample of E. coli should not exceed 394 cfu/100 mL [TAC 
§307].  In order for these standards to apply, a minimum of 10 samples collected within a 5 
year period are required. Once 10 samples have been collected, those and all other samples 
collected within the most recent 5 year time-frame must remain at or below the geometric 
mean to support contact recreation. The single sample standard is structured so that no more 
than 25 percent of the individual samples collected may be higher than 394 cfu/100 mL. 
Presently the creek is on the states impaired waters list because it did not meet the geometric 
mean standard. 
 
Nutrients 
Nutrient levels are also monitored by TCEQ as an indicator of water quality. At this point, no 
specific standards are applied to Buck Creek. It is instead evaluated based on screening levels 
that have been established by TCEQ. These screening levels were developed by averaging all 
data collected from a respective type of water body in Texas and using the 85th percentile as 
the ‘screening level.’ Buck Creek fits into 
the ‘freshwater stream’ category and is 
evaluated based on recorded levels 
compared to the state-wide average. 
According to the TCEQ’s 2004 water 
quality inventory, 5 samples were analyzed 
for ammonia, nitrate and orthophosphorous 
with 3 of the samples exceeding the nitrate 
screening level of 1.95 mg/L.  
 
Investigative Approach 
Sampling by TCEQ and Red River Authority from March 1, 1996 to February 28, 2001 
indicated that Buck Creek was impaired due to elevated bacteria levels. During this 5-year 
period, only 14 E. coli and 20 fecal coliform samples were collected at one location on Buck 
Creek (US Hwy 83). Due to the limited number of samples, it was determined that additional 
data were needed to better understand spatial and seasonal bacteria loadings to the creek. 
 
The main objective of this project was to obtain a sufficient amount of data from multiple 
locations in order to make a scientifically sound decision about the bacterial impairment of 
the waterbody. To accomplish this, a routine, bi-weekly sampling schedule was implemented 
to collect samples over a three year period. This time frame generated representative data 
during wet and dry conditions and across all seasons. Samples were taken at all sites with 
flowing water and field observations were recorded to document the status of the creek and 
other environmental conditions. 
 
A secondary project objective was to develop community awareness, participation, and a 
feeling of stewardship for landowners in the Buck Creek watershed. This objective was 
accomplished by conducting stakeholder meetings and other educational meetings. The focus 
of these meetings was to inform the public about the project, its goals and objectives, how 
project activities would be carried out, and who was involved. In addition, project personnel 
wanted to improve stakeholder knowledge of the watershed and educate them on possible 
alternatives in managing their land to improve stream health. 
Table 3. Nutrient screening levels for freshwater 
streams as established by TCEQ 
Nutrient Screening Level 
NH3-N (Ammonia) 0.33 mg/L 
NO3-N (Nitrate) 1.95 mg/L 
OP (Orthophosphorous) 0.37 mg/L 
TP  (Total Phosphorous) 0.69 mg/L 
Chl a (Chlorophyll a) 14.1 µg/L 
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Sampling Site Locations 
Originally, 13 sites were chosen and located at public creek crossings and on private land 
(Table 3 and Figure 4). During the course of the study, it was decided that an additional two 
sites should be selected to gain additional knowledge about the waterbody. The first two 
sampling sites are located in the headwaters of the watershed in Donley County and rarely 
had water present. Sites 3 through 9 are located in Collingsworth County, and 3 of the 7 sites 
typically had flowing water present. Sites 10A through 13 are located in Childress County 
and usually had flowing water in them except during prolonged periods of drought. Table 3 
and Fig. 4 present detailed information on each site and show site locations along Buck 
Creek. Site 10 was split into 3 sampling locations in order to gain additional information and 
understand why bacteria levels varied so drastically between sites 9 and 11. Site 11 has been 
historically, and is currently monitored by the RRA and TCEQ through the Clean Rivers 
Program and is the site where bacteria levels were originally deemed too high to meet the 
stream’s designated uses. During the project, samples were collected above and below the 
bridge at site 11 in an effort to illustrate the influence of any fecal material coming from the 
bridge. These data are listed as sites 11A (above the bridge) and 11B (below the bride) in 
appendix A. Throughout the course of the project, flowing water was never recorded at sites 
1 and 9; therefore, no samples were collected at these sites.  
 
TCEQ evaluates Buck Creek as two separate units and uses the confluence of House Log 
Creek as the dividing line. The portion of the creek below House Log Creek to the Oklahoma 
state line is referred to as Assessment Unit (AU) 0207A_01 and the portion of the creek 
above House Log Creek is AU 0207A_02. Since TECQ assesses the creek by these units, we 
joined the data collected from each individual site to represent the appropriate AU. Sites 1 
thru 7 were lumped together to form the dataset for AU 0207A_02 and data from sites 8 thru 
13 was grouped together as AU 0207A_01. Results from the evaluation of data in these AUs 
are presented in Table 5 later in the document.  
 
 
Table 4.  Sampling site information recorded by the Vernon AgriLife Research technician. GPS 
coordinates: minutes’ seconds”. 
Site No: Road Access: County: Latitude 34°:  Longitude 100°: Elevation: m (ft) 
BC-01 CR 28 Donley  N 50’07.71”        W 36’38.67”    746       (2447) 
BC-02 CR 29, CR Z Donley  N 48’54.43”        W 35’01.58”    720       (2362) 
BC-03 CR 40 Collingsworth  N 51’25.47”        W 28’00.93”    646       (2119) 
BC-04 FM 1547 Collingsworth  N 50’47.33”        W 23’57.71”    620       (2034) 
BC-05 FM 1056 Collingsworth  N 51’50.0”          W 22’48.1”    617       (2024) 
BC-06 CR 110 Collingsworth  N 50’33.04”        W 20’46.7”    598       (1961) 
BC-07 FM 338 Collingsworth  N 49’08.32”        W 16’39.24”    578       (1896) 
BC-08 CR SA Collingsworth N 47’27.4”          W 14’44.6”               589       (1932) 
BC-09 CR SA Collingsworth  N 47’26.8”          W 14’21.0”    570       (1870) 
BC-10A SH 256, Private Childress  N 43’46.4”          W 13’41.0”    540       (1771) 
BC-10B SH 256, Private Childress  N 43’46.4”          W 13’40.9”    539       (1768) 
BC-10C SH 256, Private Childress  N 43’07.8”          W 12’27.2”    540       (1771) 
BC-11A, B US 83 Childress  N 42’08.6”          W 11’19.5”    529       (1735) 
BC-12 US 62 Childress  N 40’09.6”          W  9’25.1”    519       (1702) 
BC-13 CR 19 Childress  N 36’39.9”          W  6’39.4”    497       (1630) 
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Waterbody Sampling Procedures 
Extensive sampling was conducted every two weeks from May 2004 to May 2007. Each site 
was visited to determine if enough flowing water was present to collect a sample or take 
water quality measurements. A field data report (Appendix C) was generated for each site 
even if a water sample was not collected. These reports recorded the sampling site, time, 
date, sample ID number, the chain of custody number, the collector’s name and the collecting 
agency. The field data report also contains information on stream flow, the number of days 
since the last significant rainfall event, current weather conditions, and a back up recording 
of measured water quality parameters. In addition, air temperature, the appearance of the 
water, presence of any odor, and biological activity were noted. 
 
 
Figure. 5: Approximate locations of sampling sites in the Buck Creek watershed 
 
Samples were taken at each site if flowing water was present. In the event that no sample was 
taken, a note was made on the field report and recorded in the site’s data file. A typical 
sample was collected directly from the center of the stream between 15 and 30 cm (6 to 12 
in) below the water surface using a sterile, 125 mL wide-mouthed bag. All samples were 
labeled with the collection date and time, sampling location, and the sampler’s initials. The 
surface layer of water, known as the micro layer, was avoided for sampling purposes because 
it could possibly be enriched with bacteria and thus not representative of the entire water 
column. Care was also taken not to disturb the sediment at the bottom of the creek bed 
because it too may contain higher E. coli numbers. 
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Safety of the technicians was a major concern for the project. Lightning, flooding, and 
impassable roads were primary concerns. When technicians felt that it was unsafe to sample 
at a location, observations were made about the site and a sample was not taken unless it 
could be taken from a bridge. In some cases, sampling from a bridge using a bucket tied to a 
rope was performed. A clean bucket was used and lowered from the bridge to the stream to 
collect water. This water was poured into sample bottles or bags and labeled accordingly. 
Once samples were taken, they were placed on ice to lower their temperature to 4°C before 
being taken to the lab.  
 
In addition to sample collection, field measurements (stream flow severity, water depth, 
water temperature, pH, specific conductivity, and dissolved oxygen) were recorded. Water 
depth was measured using a meter stick and flow severity was determined through field 
observation. A YSI multi-probe (YSI Environmental. Yellow Springs, Ohio. 
http://www.ysi.com) was used to measure dissolved oxygen, pH, specific conductance, 
salinity, and water temperature in accordance with the TSSWCB and EPA approved Quality 
Assurance Project Plan (QAPP). 
 
Experimental Procedures 
Once samples were returned to the Vernon 
AgriLife Research and Extension Center lab, 100 
mL of the water sample (or a diluted portion of 
the sample) was filtered for the presence of E. coli 
and fecal coliforms. E. coli were isolated using a 
vacuum powered filtering apparatus that passes 
the collected water sample through a funnel with a 
sterile filter membrane that traps bacteria. 
 
The membrane is subsequently placed on 
prepared modified mTEC (selective for E. coli) 
agar petri dishes and incubated at 35.1° C for two 
hours to resuscitate the bacteria. The petri dishes 
are then moved to a water jacketed incubator and 
kept at 44.5°C for 20 to 22 hours allowing 
sufficient time for bacterial colonies to develop. 
E. coli colonies are recognized by their magenta 
color. 
 
Fecal coliform samples are treated similarly, but a 
different culture medium (m-FC) is used for 
colony development. This media is selective for 
fecal coliform and is recognized by its blue color. 
Fecal coliform testing was performed only at site 
11. Water samples were taken above and below 
the bridge (sites 11A&B) to compare water quality 
as it passed under a large colony of cliff swallows 
nesting on the downstream side of the bridge. 
Technician filtering water samples  
Fecal coliform plate 
E. coli plate
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Field blanks and laboratory blanks were also tested using the same sampling and sterilization 
techniques to insure that materials and methods used were effective and not contaminated by 
other sources of bacteria. A lab positive using live E. coli bacteria was also plated with each 
set of samples to confirm that the medium used would support bacteria growth. Following 
the incubation period, colonies were counted using a mini light box, magnifier, and a 
counting pen. Colony counts were recorded based on 100 mL of the original water sample. In 
some cases, colonies were too numerous to count using this method. If this was the case, an 
aliquot or dilution was done to yield a number of colonies that could easily be counted. 
Typically, 10 mL rather than 100 mL of the original sample was filtered on the plates and 
allowed to form colonies. These colonies were then counted and multiplied by 10 to account 
for the lesser volume of water being used in the sample.  
 
   
 
 
 
Waterbody and Tributary Water Quality 
Water quality in Buck Creek was monitored from May 2004 through May 2007 through this 
project. This involved grab sampling at 15 locations every two weeks. Sites 1 and 9 never 
had water present during the course of this monitoring project and were not sampled. Several 
sampling trips were also taken shortly after high rainfall events in an effort to collect grab 
samples of storm event influenced flows. All water quality monitoring data are included in 
Appendix A. TSSWCB will submit all data collected during this project to TCEQ for 305(b) 
and 303(d) assessment purposes. 
 
Thermal Structure 
Water temperatures were recorded at each sampling location when flowing water was 
present. Readings were recorded in °C using a multi-function YSI water quality meter. The 
maximum water temperature recorded along the creek was 34.7°C on June 16, 2005 and 
exceeded the temperature criteria by 0.8°C. Only one other water temperature was recorded 
above the maximum temperature standard of 33.9°C. The lowest water temperature recorded 
during the two years of sampling was 1.79°C on January 19, 2005; however, ice prevented 
temperature measurements from being collected during several sampling trips. 
Counting colonies Colony counter leaves a permanent dot  
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Dissolved Oxygen (DO) 
DO grab samples were recorded using the YSI water quality meter at 13 of the 15 sites 
sampled. The remaining 2 sites never had enough water present to take readings. DO levels 
in Buck Creek are supposed to maintain a 24 hour average of 5.0 mg/L or greater and remain 
above an absolute minimum of 3.0 mg/L. No 24 hour sampling profiles were conducted 
during this study. Throughout the course of monitoring, DO levels ranged between 7.8 to 
14.7 mg/L, and were well above the 5.0 mg/L standard. Out of 416 measurements recorded, 
only 10 individual readings were below the 3.0 mg/L minimum standard. These low readings 
were all taken during the summer months in the upper portions of the stream where flow was 
minimal. DO measurements are supposed to be taken during the index and critical periods as 
described in the Texas Surface Water Quality Standards section on p. 17; however, DO 
readings were taken whenever a sample was collected and approximately 100 of the readings 
taken were outside of the index/critical period. At least half of the collected samples are also 
supposed to be within the critical period and that level was not achieved during this study. 
The average springtime standard is 5.5 mg/L with a minimum DO level of 4.5 mg/L; these 
standards were met at all locations where readings were taken. DO  
 
pH and Specific Conductance (TDS) 
Specific conductance (TDS) and pH standards have not been set for Buck Creek, but will be 
compared to standards set for stream segment 0207. The listed criteria state that pH should 
remain at or above 6.5 and not exceed 9.0, and TDS should not exceed 46,200 mg/L. pH 
readings taken along the creek ranged from a minimum of 4.8 to a maximum of 9.0 and 
averaged 7.9 between all sites. This violates the minimum standard set by TCEQ. Recorded 
maximum values for TDS ranged from a minimum of 43 mg/L  to a maximum of 5,118 mg/L 
and were well within the limit of 46,200 mg/L TDS. 
 
Bacteria 
Water samples were collected and analyzed for E. coli at all sites except sites 1 and 9; these 
sites did not have flowing water present that allowed for a suitable sample to be collected at 
any point during the project. All other sites had adequate water present to collect samples that 
could be analyzed. Results showed a wide range of bacteria present in the stream at different 
times, locations and under varying conditions. The lowest number of bacteria colonies 
present in water samples was 0 and occurred at multiple sites at multiple times. For 
geometric mean calculating purposes, these 0s were recorded as 0.5 in the data spreadsheets. 
The reasoning behind this is that a 0 in the geometric mean calculation causes an error 
because a number cannot be divided by 0. TSWQS assessment methodologies state that if a 
water sample does not contain any E. coli, then it will be recorded as containing 0.5 cfu/100 
mL. This addition of 0.5 in place of 0 does not increase the geometric mean average of a site 
or influence the total number of recorded cfu in a negative way. The maximum number of 
bacteria collected in any one water sample was found to be 8,100 cfu/100 mL and was 
collected at site 5 on June 5, 2006. In general, most sampling sites maintained bacteria levels 
within the required water quality standards. Sites 7 and 10C did not meet the required 
geometric mean or single sample standards and sites 2, 5, 8 and 12 also showed concern for 
elevated geometric mean values. Table 4 presents information from each sampling site and 
indicates whether or not that specific site meets the state’s water quality standards; however, 
TCEQ does not assess Buck Creek on an individual sampling site basis. Instead, TCEQ 
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evaluates the creek in two AUs, one above and one below the confluence of House Log 
Creek and Buck Creek. Table 4 shows the number of samples collected, both the geometric 
mean and the percentage of samples that exceeded the single sample bacteria limit of all 
samples collected at each site and if that site met bacterial water quality standards while table 
5 lumps the data together by the TCEQ designated AUs and indicates what the overall 
quality of the creek was during the study. In analyzing data this way, data from sites 2 thru 7 
were grouped together in AU 0207A_02 and data from sites 8 thru 13 were grouped in AU 
0207A_01. Grouping these data together by assessment unit showed that Buck Creek was not 
impaired. The geometric mean of all samples collected in AU 0207A_02 (the upper portion 
of the creek) was 50 cfu/100 mL and only 16.7 percent of the samples collected exceeded the 
single sample limit. In AU 0207A_01, the geometric mean was calculated as 91 cfu/100 mL 
and the single sample limit was only exceeded 19.2 percent of the time. Complete bacterial 
data sets for each sampling site are available in Appendix A. 
 
 
 
1  Geometric mean of at least 10 samples must not exceed 126 for E. coli and 200 cfu/100 mL for fecal coliform 
2   Samples must not exceed 394 cfu /100 mL for E. coli and 400 cfu/100 mL for fecal coliform no more than  
       25% of the total number of samples taken should exceed single colony limits 
Rows with BOLD text do not have at least 10 collected samples and could not be correctly assessed 
Rows highlighted in Orange indicate that the site did not meet water quality standards.  
 
 
Table 5. Summary of E. coli and fecal coliform data for each sampling site 
-----------------------------------------E. coli------------------------------------------ 
Geometric means 1 Single sample excedances 2 
 
Site # 
 
Number 
of 
Samples 
Number of 
colonies Pass Fail 
Percent 
exceeded  Pass Fail 
01 0 no sample --- --- --- --- --- 
02 7 258  Concern 14.3   
03 66 11 √  10.6 √  
04 66 55 √  18.2 √  
05 55 109 √ Concern 20 √  
06 29 17 √  6.9 √  
07 14 192  √ 42.8  √ 
08 5 168  Concern 20   
09 0 no sample --- --- --- --- --- 
10A 71 202  √ 36.6  √ 
10B 35 92 √  8.6 √  
10C 38 67 √  15.8 √  
11 
above 
55 23 √  10.9 √  
11 
below 
33 81 √  15.2 √  
12 20 115 √ Concern 15 √  
13 22 78 √  18.2 √  
 ------------------------------------fecal coliform------------------------------------- 
11 above 47 63 √  23.4 √ Concern 
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When water quality monitoring was initiated on Buck Creek, fecal coliform was used as the 
bacterial indicator. TCEQ now uses E. coli as the standardized bacterial indicator for fecal 
pathogens in water. Sample analysis at site 11 above the bridge revealed that fecal coliform 
levels were within the designated water quality standard; however, 23.4 percent of the 
samples taken did exceed the single sample limit and were close to the 25 percent limit 
considering only 47 samples had been taken. One more sample over the single sample limit 
would have caused the site to not meet water quality standards. 
 
 
Table 6: Summary of E. coli results grouped by TCEQ designated Assessment Units (AUs) 
Geometric Mean Single sample excedances 
Assessment Units 
Number of 
Samples 
Number of 
colonies Pass Fail
Percent 
exceeded Pass Fail 
0207A_01 : House Log 
Creek to Oklahoma state 
line 281 91 √   19.2 √   
0207A_02 : Buck Creek 
above House Log Creek 239 50 √   16.7 √   
1  Geometric mean of at least 10 samples must not exceed 126 cfu / 100 mL for E. coli  
2  E. coli samples should not exceed 394 cfu /100 mL and no more than 25% of the total number of samples 
taken should exceed single colony limits 
 
 
Flow Volume 
Beginning on February 12, 2007, measurements to determine the velocity of water flowing in 
the creek were taken. These measurements were then used to calculate the volume of water 
flowing at each sampling site at the time of sampling. This information will be critical in 
developing an understanding of the bacterial load that is present in the creek at a given point 
and time. These measurements were 
made on 7 sampling trips at sites 
where water was present and resulted 
in a total of 58 individual flow 
readings. The minimum flow recorded 
was 0 cubic feet per second (cfs) and 
the maximum was measured at 158.16 
cfs (Table 6). Velocity data were 
collected using an electromagnetic 
Marsh-McBirney Flo-Mate flow meter 
at multiple points across the stream 
channel and were multiplied by the 
width and depth of the channel to 
obtain an instantaneous flow volume. 
 
 
 
Evidence of high flow in Buck Creek 
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Table 7. Buck Creek flow volume in cubic feet per second  
Site 2/12/2007 3/6/2007 3/27/2007 4/11/2007 4/24/2007 5/7/2007 5/14/2007
01 --- --- --- --- --- --- --- 
02 --- --- 0.25 0.33 0.29 --- 0.23 
03 16.57 3.76 9.09 17.40 6.11 --- 6.64 
04 5.22 15.58 14.09 9.46 8.32 --- 17.04 
05 2.88 1.30 0.56 2.08 0.51 --- 0.36 
06 19.49 3.70 7.38 2.56 8.54 9.07 19.46 
07 --- --- 7.46 6.69 --- 36.54 15.30 
08 --- --- 2.51 0.20 --- 158.16 12.86 
09 --- --- --- --- --- --- --- 
10A --- 1.23 --- 0.95 --- 2.31 3.65 
10B --- 3.60 --- --- --- 7.12 5.63 
10C 4.42 1.23 --- 4.34 --- 2.31 9.84 
11A --- --- --- --- --- --- 10.68 
11B 3.18 0.83 1.63 1.95 --- 0.30 7.83 
12 --- --- --- --- --- --- 10.48 
13 --- --- --- --- --- --- 6.73 
 --- = No data available due to low flow   
 
 
Summary of Public Participation and Coordination 
Activities 
Project Meetings 
Meetings were scheduled quarterly as deemed appropriate to discuss water quality 
monitoring activities, the project schedule, lines of responsibility, communication needs, and 
other requirements with project participants, landowners, and various interested parties. The 
general purpose of these meetings was to keep stakeholders informed of ongoing project 
activities and to get feedback from meeting participants. Project personnel attended meetings 
throughout the watershed giving project updates and presentations. Table 7 contains a listing 
of project meetings that were held throughout the course of the project, the date of the 
meeting, who the meeting was with and an approximate number of people in attendance. 
 
Quarterly Reports 
Brief reports were drafted each quarter and submitted to funding and cooperating agencies 
providing updates on activities that were conducted during the previous three months. These 
reports were also posted on the project website (http://twri.tamu.edu/buckcreek). Content 
contained in these reports included meetings held related to the project, educational activities 
and progress made on project deliverables. Quarterly reports also gave updates on sampling 
activities performed.  Lastly, quarterly reports highlighted other related issues or problems 
associated with the project and provided projections on what would be accomplished during 
the upcoming quarter. 
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Educational Programs 
Numerous presentations were given in an effort to educate and inform the public and 
stakeholders about the project, what the project was trying to accomplish, why the project 
was needed and who the various personnel involved with the project were. Educational 
information about the project is posted on the website and can be viewed at any time. Table 7 
contains a listing of educational meetings that were held throughout the course of the project, 
the date of the meeting, who the meeting was with and an approximate number of people in 
attendance. 
 
 
Table 8. Meetings where project information was presented 
Meeting Type Date Meeting conducted with: # in Attendance 
Project  3/30/2004 Red River Authority 10 
Project 7/13/2004 Hall-Childress SWCD 9 
Project 10/28/2004 Red River Authority 10 
Educational 2/8/2005 Hall Co. Farm & Ranch Meeting 80 
Project 3/30/2005 Red River Authority 15 
Educational 5/5/2005 Watershed Stakeholders Meeting 18 
Project 3/14/2006 Red River Authority 25 
Educational 5/9/2006 Watershed Stakeholders Meeting 22 
Educational 9/27/2006 Texas A&M University Soil & Crop 
Science Department  
12 
Project 10/10/2006 Hall-Childress SWCD 8 
Project 3/15/2007 Red River Authority 23 
Educational 5/6/2007 Quail Appreciation Day 40 
Educational 6/12/2007 Watershed Stakeholders Meeting 40 
 
 
Website 
TWRI designed and maintains a website dedicated to disseminating all information related to 
the Buck Creek bacterial monitoring project. The website provides an introduction to the 
Buck Creek study by showing a map of the creek, describing its location, highlighting its 
characteristics, and describing the watershed, land use and land cover and the climate of the 
watershed. This website also describes the impairment in the stream segment, how this 
impairment is quantified and what standards Buck Creek is supposed to meet. The website 
goes on to describe the project and the need for the project, goals and how they will be 
accomplished, deliverables, and agencies involved. Links to quarterly reports, presentations 
and participating agency websites are all included in the Buck Creek website. 
 
Conclusions 
Three years of data collected on Buck Creek have shown that elevated E. coli levels did exist 
during some of the sampling trips; but the majority of the time E. coli levels were within the 
state’s standards. When data were analyzed as individual sites, several of the locations 
exceeded allowable geometric mean and single sample E. coli levels; however, when the 
analysis was conducted by grouping sampling sites together by the assessment units that 
TCEQ utilizes, neither standard was exceeded.  
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Specific sites that showed levels of bacteria higher than those permitted by TCEQ were sites 
2, 7, 8 and 10A. Sites 7 and 10A both exceeded the geometric mean and single sample 
standard while sites 2 and 8 only exceeded the geometric mean standard. While these sites do 
exceed E. coli standards established for the state, they are not considered impaired because 
the creek is not assessed at each site, it is instead assessed by the designated AUs. These sites 
should still be considered areas of concern that exhibit an elevated number of E. coli present.  
 
The original monitoring site on US Hwy 83 (site 11A) that has been and continues to be 
tested by TCEQ and RRA for E. coli was also tested for fecal coliform throughout this study. 
Neither E. coli nor fecal coliform colony counts exceeded their respective geometric means 
or single sample exceedance limits at this site. Despite the fact that this specific site initially 
caused Buck Creek to be listed on the state’s impaired waters list and it now meets water 
quality standards, the creek continues to be on the state’s list of impaired waters. Data that 
were collected through this project are in the process of being submitted to TCEQ for use in 
the next assessment and will likely result in Buck Creek being removed from the 303(d) List. 
Until the creek is removed from this list, bacteria will be considered a primary concern that 
needs to be properly managed in Buck Creek. 
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Watershed Protection Plan Development for Buck Creek 
 
 
Need for Further Study 
Results of the “Bacteria Monitoring for the Buck Creek Watershed” project have shown that 
bacteria can pose a significant water quality concern and should be properly managed to limit 
potential negative impacts of elevated bacteria levels in the creek. This study did leave 
several questions that must be answered before appropriate management measures can be 
recommended to reduce the amount of bacteria entering the creek. Specifically, the sources 
of bacteria in the stream need to be identified and the amount of bacteria in the stream from 
each source also needs to be quantified. TSSWCB and EPA have provided additional grant 
funding to proceed with the next project, “Watershed Protection Plan Development for Buck 
Creek.” It will answer these questions and provide the information needed to develop sound 
management measures that will reduce the amount of bacteria entering the creek. 
 
 
Identification and Discussion of Phase II Goals and 
Expected Outcomes 
The “Watershed Protection Plan Development for Buck Creek” project is a multi-faceted 
project that aims to accomplish three main goals: (1) identify the specific sources of bacteria 
present in Buck Creek; (2) evaluate potential management alternatives for restoring the 
waterbody and educating landowners about these best management practices (BMPs); and 
(3) develop a working WPP to restore and maintain the waterbody at or below existing water 
quality standards through a stakeholder driven process. 
 
Detailed Description 
The first priority of the project will be the identification of specific sources of bacteria in the 
watershed. AgriLife Research personnel in Vernon will collect fecal samples from known 
sources (i.e. septic systems, cattle, horses, raccoons, deer, wild hogs, turkey, etc.). AgriLife 
Research personnel in Vernon will also be responsible for streaking fecal material onto 
specialized media, culturing colonies, preparing isolates from purified colonies, and quick 
freezing them in liquid nitrogen for storage and shipment to AgriLife Research in El Paso for 
DNA analysis and inclusion into the Texas Known Source Library. Water samples will be 
collected and prepared as in the first project. Several colonies will be isolated and streaked 
multiple times to increase purity. DNA from the Buck Creek E. coli isolates will be 
compared with known E. coli DNA at the AgriLife Research and Extension Center in El Paso 
to determine the source of bacteria. 
 
This process will be divided into two phases. The first phase will analyze monthly grab 
samples from high risk creek segments as identified in 03-07. Samples will be tested to 
determine if the bacteria originate from humans or animals using library-independent BST 
methodologies. In addition, approximately 50 of these isolates from 50 different water 
samples will be analyzed using library-dependent methods to determine if the Texas Known 
Source Library is sufficient to determine bacteria sources or if an E. coli source library 
specific to Buck Creek needs to be established. If a larger Buck Creek library is needed, more 
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samples from known sources will be analyzed. If the Texas Known Source Library appears 
suitable for identifying water isolates, more water samples and fewer known source samples 
may be analyzed. This approach should optimize BST results within budget limitations. 
 
The second goal of the project is to evaluate potential BMPs, using a stakeholder driven 
process, which will aid in reducing the bacterial load. The approach and types of BMPs 
evaluated will depend on information provided by the BST study. If the human contribution 
is significant, then septic systems will be targeted for repair or upgrading. If livestock or 
other domesticated animals are identified as a significant source of fecal bacteria, then the 
project team will develop integrated watering, grazing, shade development, feeding, loafing 
area and prescribed burning strategies to decrease the frequency and amount of time 
livestock spend in the riparian zone. If other sources are found problematic, appropriate BMP 
strategies will be implemented. 
 
Developing a WPP is the last goal of the Buck Creek Phase II study. This plan will outline: 
• The causes and sources or groups of similar sources that will need to be managed to 
achieve the load reductions targeted. 
• An estimate of the load reductions expected for the management measures described. 
• A description of management measures that need to be implemented to achieve the 
load reductions estimated. 
• An estimate of the level of technical and financial assistance needed, associated costs, 
equipment, etc., to implement the plan and potential sources of these funds. 
• An information/education component to enhance public understanding. 
• A schedule for implementing management measures identified in this plan. 
• A description of interim, measurable milestones to determine whether management 
measures or other control actions are effective. 
• A set of criteria that can be used to determine whether loading reductions are being 
achieved over time. 
• A monitoring component to evaluate the effectiveness of the implementation efforts 
over time. 
  
Formation of a stakeholder group to guide the development of this plan will be crucial to the 
success of the project and its implementation. Great care will be taken to include 
stakeholders in all portions of this project and to educate them about the issues being 
addressed in the planning process. A WPP engages stakeholders and develops their ideas 
about what is causing the problem and how to manage the problem into a voluntary 
management plan that can effectively reduce the impacts of pollution in the watershed. A 
positive aspect of a WPP is that it is made up from ideas and approaches that stakeholders 
indicate that they want in the WPP and is also a 100 percent voluntary effort. WPPs are not 
forcefully implemented; however, in order for them to achieve water quality goals 
established within the plan, the stakeholders must participate in WPP activities and 
implement the management practices recommended by the plan. 
 
Work Schedule 
The end-product of this project is the development of a WPP for the Buck Creek watershed. 
It is anticipated that the project and the WPP will be completed by August 31, 2009. 
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APPENDIX A:  Buck Creek Water Quality Data 
  
 
34
 
  
 
35
 
  
 
36
  
 
37
 
 
  
 
38
  
 
39
  
 
40
 
 
  
 
41
  
 
42
  
 
43
 
 
  
 
44
  
 
45
  
 
46
 
 
  
 
47
  
 
48
  
 
49
 
 
  
 
50
  
 
51
  
 
52
 
 
  
 
53
  
 
54
 
 
  
 
55
  
 
56
 
 
  
 
57
  
 
58
 
 
  
 
59
 
 
  
 
60
 
  
 
61
 
  
 
62
  
 
63
 
 
  
 
64
  
 
65
  
 
66
 
 
  
 
67
 
  
 
68
Appendix B: Buck Creek Sampling Site Report 
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Appendix C: Field Data Reporting Form 
  
Field Data Reporting Form 
 
                  :       .     
Station ID  Date Time  Depth (ft)  
                              
                              
Sample ID    COC Number          
                              
                              
Collector Name(s) 
 
Collecting Agency 
 
Station Description 
 
Circle one: 
Flow Severity:   1-no flow 2-low    3-normal 4-flood  5-high  6-dry 
 
Days since last significant rainfall:       
       
Weather Observations (use codes from 
back) 
      
       
Field Parameters       
 
Dissolved Oxygen (DO)   .   ppm 
       
pH       
       
Specific Conductance      µS/cm 
       
Temperature   ◦C    
 
Other Observations: 
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00: No significant weather observed 
01: Clouds generally dissolving or becoming less developed 
02: State of sky on the whole unchanged during the past hour 
03: Clouds generally forming or developing during the past hour 
04: Haze, smoke, or dust in suspension in the air,  
 visibility equal to or greater than 1km 
05: Smoke 
10: Mist 
12: Distant lightning 
18: Squalls 
20: Fog during previous hour,  
21: Precipitation during previous hour 
22: Drizzle (not freezing) or snow grains during previous hour 
23: Rain (not freezing) during previous hour 
25: Freezing drizzle or freezing rain during previous hour,  
26: Thunderstorm (with or without precipitation) during previous hour,  
27: Blowing or drifting snow or sand 
28: Blowing or drifting snow or sand,  
 visibility equal to or greater than 1 km 
29: Blowing or drifting snow or sand, visibility less than 1 km 
30: Fog 
31: Fog or ice fog in patches 
32: Fog or ice fog, has become thinner during the past hour 
33: Fog or ice fog, no appreciable change during the past hour 
34: Fog or ice fog, has begun or become thicker during the past hour 
35: Fog, depositing rime 
40: Precipitation 
41: Precipitation, slight or moderate 
42: Precipitation, heavy 
43: Liquid precipitation, slight or moderate 
44: Liquid precipitation, heavy 
45: Solid precipitation, slight or moderate 
46: Solid precipitation, heavy 
50: Drizzle 
51: Drizzle, not freezing, slight 
52: Drizzle, not freezing, moderate 
53: Drizzle, not freezing, heavy 
54: Drizzle, freezing, slight 
55: Drizzle, freezing, moderate 
56: Drizzle, freezing, heavy 
57: Drizzle and rain, slight 
58: Drizzle and rain, moderate or heavy 
60: Rain 
61: Rain, not freezing, slight 
62: Rain, not freezing, moderate  
63: Rain, not freezing, heavy 
64: Rain, freezing, slight 
65: Rain, freezing, moderate 
66: Rain, freezing, heavy 
67: Rain or drizzle and snow, slight 
68: Rain or drizzle and snow, moderate or heavy 
80: Showers or intermittent precipitation 
81: Rain showers or intermittent rain, slight 
82: Rain showers or intermittent rain, moderate 
83: Rain showers or intermittent rain, heavy 
84: Rain showers or intermittent rain, violent 
90: Thunderstorm 
91: Thunderstorm, slight or moderate, with no precipitation 
92: Thunderstorm, slight or moderate, 
 with rain showers and/or snow showers 
93: Thunderstorm, slight or moderate, with hail 
94: Thunderstorm, heavy, with no precipitation 
95: Thunderstorm, heavy, with rain showers and/or snow 
96: Thunderstorm, heavy, with hail 
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